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(54) Fluoroelastomers comprising monomeric units deriving from a bis-olef in 



(57) New fluoroelastomers are described, comprising monomeric units deriving from a bis-olef in having general for- 
mula: 



R x R a C = C -Z- C = CR S R S (I) 

I I 

R 3 R t 
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wherein: 

R 1f R 2 , R 3 . R 4 , R 5 , R 6 , equal or different from each other, are H or alkyls C r C 5 ; 2 is an alkylene or cycloalkylene 
radical C r C 18 , linear or branched, optionally containing oxygen atoms, preferably at least partially fluorinated, or a 
(per)fluoropolyoxyalky!ene radical. 

Such products are endowed with improved processability, especially during calendering of the vulcanization mix- 
ture, along with superior mechanical and workability properties during extrusion and injection molding, with a very good 
mold release. 
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The present invention relates to new nuu 

the initiator and of the chain to a easureme nts. . . ^ mix j n g polymers 
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having general formula: 

W - c -z- c - cr 5 R« 



(I) 



R 3 R« 



40 

wherein: 



I CM I- 

50 whenZisa(per)1luoropolyoxyalkyleneraa. Ca . m ^ 

-(Q)p-CF 2 0.(CF 2 CF 2 0) m (CF 2 0) n -CF 2 .(Q)p- 
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fins containing (per)fluoropolyoxyalkylene sequences are described in US-3,81 0,874. 

The amount of units in the chain deriving from such bis-olefins is generally comprised between 0.01 and 1 .0 mols, 
preferably between 0.03 and 0.5 mols, even more preferably between 0.05 and 0.2 moles per 100 moles of the other 
base monomeric units. 
5 The base structure of the f luoroelastomer can be in particular selected from: 

(1) VDF-based copolymers, wherein VDF is copolymerized with at least a comonomer selected from: pert luoroole- 
fins C 2 -C 8 , such as tetrafluoroethylene (TFE), hexafluoropropene (HFP); chloro- and/or bromo- and/or iodo- 
fluoroolefins C 2 -C 8 , such as chlorotrrfluoroethylene (CTFE) and bromotrifluoroethylene; (per)f luoroalkylvinylethers 

10 (PAVE) CF 2 =CFOR fl wherein R f is a (per)fluoroalkyl C r C 6 , for instance trrfluoromethyl, bromodifluoromethyl, pen- 
tafluoropropyl; perfluoro-oxyalkylvinylethers CF 2 =CFOX, wherein X is a perlluoro-oxyalkyl C r C 12 having one or 
more ether groups, for instance perfluoro-2-propoxypropyl; non-fluorinated olefins (Ol) C 2 -C 8 . for instance ethylene 
and propylene; 

(2) TFE -based copolymers, where TFE is copolymerized with at least a comonomer selected from: (per)f luoroalkyl- 
15 vinylethers (PAVE) CF 2 =CFOR f , wherein R f is defined as above; perfluoro-oxyalkylvinylethers CF 2 =CFOX, wherein 

X is defined as above; fluoroolefins C 2 -C 8 containing hydrogen and/or chlorine and/or bromine and/or iodine 
atoms; non-fluorinated olefins (Ol) C 2 -C 8 . 

Within the classes defined above, the preferred base monomer compositions are the following (% by moles): 

20 

(a) VDF 45-85%, HFP 15-45%, 0-30% TFE; (b) VDF 50-80%. PAVE 5-50%, TFE 0-20%; (c) VDF 20-30%, Ol 10- 
30%, HFP and/or PAVE 18-27%, TFE 10-30%; (d) TFE 50-80%, PAVE 20-50%; (e) TFE 45-65%, Ol 20-55%, 0- 
30% VDF; (f) TFE 32-60%, Ol 10-40%, PAVE 20-40%; (g) TFE 33-75%, 15-45% PAVE, 10-22% VDF. 

25 It is important to point out that, in the case of peroxide curable f luoroelastomers, the addition of small amounts of a 
bis-olefin according to the present invention allows to obtain further outstanding advantages. It is indeed known that, in 
order to reach a good vulcanization level, it is necessary to increase as much as possible the amount of reactive sites, 
namely the iodine and/or bromine amount per chain. For that purpose, we can try to increase the amount of iodinated 
and/or brominated chain transfer agent, avoiding as far as possible a decay of the reaction rate. Apart from the operat- 

30 ing difficulties that such a method involves, the number of iodine and/or bromine atoms per chain can be at most equal 
to two, since the chain transfer agents known in the art contain at most two iodine and/or bromine atoms. Practically, 
such theoretical limit is never reached just because it is not possible to increase the chain transfer agent/initiator ratio 
beyond certain limits without causing an unacceptable decrease of reaction rate. Following such a method, the maxi- 
mum obtainable number of iodine and/or bromine atoms per chain is usually of about 1 .8. Therefore, the vulcanization 

35 level of the final product turns out to be insufficient for many applications where high elastic properties are required. For 
instance, the compression set value for such products is generally equal to at least 28-30% (measured at 200°C for 70 
hours according to standard ASTM D395, Method B). 

As clearly results by comparing the working examples of the invention with the comparative ones reported herein- 
below, the introduction of small amounts of a bis-olefin according to the present invention causes a sort of pre-curing of 

40 the product (as shown by the high molecular weights which are reached) and allows, in the case of peroxide curing, to 
remarkably increase the amount of terminal iodine and/or bromine per chain if compared with the same polymer pre- 
pared without the bis-olefin. Consequently, it is possible to reach high vulcanization levels and thus exceptionally low 
compression set values. For instance, in the case of O-rings, the compression set, measured at 200°C for 70 hours 
according to standard ASTM D395 Method B, is generally lower than 25%. 

45 The preparation of the fluoroelastomers object of the present invention can be carried out by copolymerization of 
the monomers in aqueous emulsion according to methods well known in the art, in the presence of radical initiators (for 
instance, alkali metal or ammonium persulphates, perphosphates. perborates or percarbonates), optionally in combi- 
nation with ferrous, cuprous or silver salts, or other readily oxidable metals. In the reaction medium also surfactants of 
various type are usually present, among which particularly preferred are the fluorinated surfactants of formula: 

50 

R f -X" M + 

wherein R f is a (per)fluoroalkyl chain C 5 -C 16 a a (per)fluoropolyoxyalkylene chain, X' is -COO" or -S0 3 ". M + is selected 
from: H + , NH 4 + , an alkali metal ion. Among the most commonly used we can cite: ammonium perfluorooctanoate, 
55 (per)f luoropolyoxyalkylenes terminated with one or more carboxylic groups, etc. 

The bis-olefin amount to be added to the reaction mixture depends on th quantity of units deriving therefrom which 
are desired in the final product, keeping in mind that, at the low amounts used according to the purposes of the present 
invention, practically all of the bis-olefin present in the reaction medium enters the chain. 

When the polymerization is concluded, the f luoroelastomer is isolated from the mulsion by means of conventional 
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described in US-4,789.717 and US-4,864,006 nrpferab | V cured by peroxides, hence they preferably con- 

The f luoroelastomers object of the present invention are V^^^ZmZ atoms The introduction of such 
taninthechain and/or inthe end g^ 

iodine and/or bromine atoms can be achieved by add-on, "^™*» atoms (as descri bed for instance 

site" comonomers. such as bromine and/onodine ^^^^^^^ described in US-4,745.1 65. 

a^pS^^^ 

Alternatively or also in association wrth "cure-sit > cLi transfer agents, such as for 

bromine atoms by adding to the reason mi xto e LroohloroalM having from 1 to 

instance compounds of formula R,(l) x (BrV where.n R, « a ' JJ™^ ° r ^ f <- 2 (see for instance US- 

a9e S5™ art can ba a-* ? ^^S^^faa*. P—* * 

in Datent applications EP-1 36,596 and EP-41 0,351. . 
P To Vulcanization mixture other products are also added. such as: 

(a) curing coagents. in amounts generally ^co— u^™ 

Syanurate; 2.4.6-^ny.-meth^isilox f ne. etc,. ^^^SSSS^ 2 and 10%, by weight with 

(b) a metal compound, in amounts compnsed for instance Mg. Zn, Ca or 

55S - «— *— ■ — * — ■"" me * 

totha products indicdtad ajx»a at iwtta (b) and (c). audablo c«,no "*L"° ™J SLctacAW coopounda 
.IMB «. rndctdiatta d*dU-a n» MM*. "WV*^ ' "2* °£ 2£»2bM27 Anrong tan «. 
„ «MM> tnaraol can b* ad*** «> <>^£^SSS^S^m t^banola wtrarorn too two 
can dH in pattella.: dh tn- and tatra-twd'ow W™» ^SSfci ^!SS divateot radical, or tbrodoh an ox,. 

„» ( S „ to, Mn»Em» SSwAtkdM id EP-t82.299 and EP-120.462; atd 

indicative but not limitative of the scope of the invention ltself - incorporation Time (BIT), i.e. of the time 

The calendering processability was evaluated ^^T^^ was carried out with a 

that th polymer takes to i^^j£ g 0 was Sto adh re. As soon as the 

calender having rolls with a 150 mm diameter to which as reported in the tables: the BIT is 
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themselves. Of course, the lower the BIT, the higher the rate of filler incorporation, and thus the higher the calendering 
process productivity. 

EXAMPLE 1 

5 

In a 5 1 autoclave, equipped with a stirrer working at 630 rpm, were charged, after evacuation, 4 1 of demineralized 
water and 41.1 ml of a perfluoropolyoxyalkylene microemulsion previously obtained by mixing: 

- 8.9 ml of an acid-terminated perfluoropolyoxyalkylene of formula: 

w 

CF 3 0(CF 2 -CF(CF3)0) n (CF20) m CF 2 CX)OH 

wherein n/m = 10, having average molecular weight of 600; 
8.9 ml of a 30% by volume aqueous NH 4 OH solution; 
is - 1 7.8 ml of demineralized water; 

- 5.5 ml of Galden< R ) D02 of formula: 

CF 3 0(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF3 

20 wherein n/m = 20, having average molecular weight of 450. 

The autoclave was then brought to 85°C and kept at such temperature for the whole duration of the reaction. The 
following monomer mixture was then fed: ^ 



vinylidene fluoride (VDF) 


14.7% by 


moles 


hexafluoropropene (HFP) 


78.0% by 


moles 


tetrafluoroethylene (TFE) 


7.3% by 


moles 



so as to bring the pressure to 22 bar. 
In the autoclave were then introduced: 

35 - ammonium persulphate (APS) as initiator, in the form of an aqueous solution having a 50 g/l concentration; .the 
addition was carried out in 10 portions, the first one of 30 ml, the subsequent ones each of 3.4 ml every 10% 
increase in the monomer conversion; 

1 ,4-diiodoperf luorobutane (C 4 F 8 I 2 ) as chain transfer agent, in the form of solution obtained dissolving 4.26 ml of the 
iodinated product in 45.74 ml of the same Galden( R ) D02 used for the microemulsion; the addition was carried out 
40 in 20 portions, each of 2.5 ml, beginning from the polymerization start and every 5% increase in the monomer con- 
version; 

- the bis-olef in of formula CH 2 =CH-(CF 2 ) 6 -CH=CH 2 , in the form of solution obtained dissolving 2.5 ml in 47.5 ml of 
the same Galden< R ) D02 described above; the addition was carried out in 20 portions, each of 2.5 ml, beginning 
from the polymerization start and every 5% increase in the monomer conversion. 

45 

The 22 bar pressure was kept constant for the whole duration of the polymerization by feeding a mixture consisting 

of: 



VDF 


50% by moles 


HFP 


26% by moles 


TFE 


24% by moles 



After 23 minutes of reaction, the autoclave was cooled, the latex discharged and the polymer coagulated, washed 
and dried. 622 g of product were so obtained, which was characterized as reported in Table 1. 

The monomer composition of the polymer was determined by 19 F-NMR and IR analysis, the iodine percentage by 
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5 product are reported in Table 2. 
EXAMPLE 2 (comparative) 

respectively. 

TABLE 1 



TO 



75 



20 



25 



30 



35 



40 



EXAMPLE 



Polymer compositiion (%mole) 



VDF 
HFP 
TFE 

bis-olefin 



Iodine 



(%bywt.) 
(per chain) 



Mooney viscosity (ASTM D1646) 



MLO+IO 1 ) 121°C 
ML(1+4')100°C 



Intrinsic viscosity M (at30°C in MEK) 



" T, onset (°C) (DSC -ASTM D 3418-S*) 



M n 
M w 
M z 

M w /M n 
M z /Mw 
M osm 



n.d.: not determinable 




O comparative 



45 



50 



55 
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TABLE 2 



EXAMPLE 


1 


2U 


Vulcanisation mixture composition 






Polymer (g) 


100 


100 


Luperco< R >101 XL(phr) 


3 


3 


Drimix< R > TAIC (phr) 


4 


4 


ZnO (phr) 


5 


5 


Carbon black MT (phr) 


30 


30 


Vulcanization mixture characteristics 






*Mooney viscosity ML(1+10') 121°C 


17 


2 


(ASTMD1646) 






*ODR 177°C arc 3, 12' (ASTM D2084-81) 






ML (pounds -inch) 


4 


1 


MH (pounds -inch) 


134 


120 


ts2 (sec) 


42 


60 


tsso (sec) 


63 


78 


ton (sec) 

y u \ / 


, 96 


108 


V max (pounds ♦ foot • inch/sec) 


3.36 


3.42 


Prooerties after curina in Dress at 1 70°C for 






10 min 






'MECHANICAL PROPERTIES (ASTM 
D412-83) 






Modulus at 100% (MPa) 


7.5 


n.d. 


Stress at break (MPa) 


13.2 


n.d 


Elongation at break (%) 


158 


n.d. 


Shore Hardness A (points) 


67 


n.d. 


Properties after post -curina in oven at 
230°C for 24 hours 






♦MECHANICAL PROPERTIES (ASTM 
D412-83) 






Modulus at 100% (MPa) 


8.0 


n.d. 


Stress at break (MPa) 


16.3 


n.d. 


Elongation at break (%) 


16.2 


n.d. 


Hardness Shore A (points) 


69 


n.d. 


'COMPRESSION SET at 200°C for 70 
hours (ASTM D395 Method B) 






O-ring 214(%) 


38 


n.d. 


Disc (%) 


15 


n.d. 


n.d.: not determinable 



^ comparative 
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EXAMPLE 3 

in a 5 1 auoclave equipped with a stirrer working at 630 rpm, were charged, after evacuation, 3.5 1 of demineralized 

- 7.8 ml of an acid-terminated perfluoropolyoxyalkylene of formula: 

CF 3 0(CF 2 -CF(CF3)0) n (CF 2 O) m CF 2 C00H 

wherein n/m = 10, having average molecular weight of 600; 

- 7.8 ml of a 30% by volume NH 4 OH aqueous solution; 

- 1 5.6 ml of demineralized water; 

- 5.5 ml of Galden< R >D02 of formula: 

CF 3 0(CF2-CF(CF3)0)n(CF 2 0) m CF3 

wherein n/m = 20. having average molecular weight of 450. 

Theau.odavewasthenbrougmto80^^^ 
20 following monomer mixture was then fed: 



10 



15 



25 



vinylidene fluoride (VDF) 

perf luoromethylvinylether (MVE) 

tetrafluoroethylene (TFE) 



45% by moles 
36% by moles 
19% by moles 



:30 



35 



40 



so as to bring the pressure to 22 bar. 
In the autoclave were then introduced: 

- amrrmumpen*^ 

tion was carried out in a single portion of 50 ml, in , h - formof solution obtained dissolving 4.26 ml of the 

verSi0n; , . nu ru icf ) -CH-CH, in the form of a solution obtained dissolving 2.9 ml in 47.1 ml of 

' Z ^Z™^*^^^™ ^ oul in 20 portons - each 01 M be9,nn,n9 

IlTe pSmerization start and every 5% increase in the monomer conversion. 

T^pressureo^barwaskept^^ 
ing of: 



45 



50 



VDF 


58% by moles 


MVE 


18% by moles 


TFE 


24% by moles 



istics of the cured product are reported in Table 4. 
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EXAMPLE 4 (comparative) 

Following th same procedure as described in Example 3, a polymer of the same type but devoid of the bis-olefin 
was prepared. The characteristics of the product as such and of that cured by means of peroxides, are reported in 
5 Tables 3 and 4 respectively. 



TABLE 3 



EXAMPLE 


3 


4 <"J 


Polymer composition (%mole) 






VDF 




59.2 


60.1 


MVE 




17.6 


18.2 


TFE 




23.2 


21.7 


bis-olefin 




0.074 


- 


Iodine 


(%bywt.) 


0.29 


0.29 




(per chain) 


2.05 


1.53 


Mooney viscosity (ASTM D1646) 






ML(1+1Cr) 121°C 




56 


20 


MLCI-mT) 100°C 




80 


37 


Intrinsic viscosity fa] (at 30°C in MEK) 


89 


72.6 


T g onset (°C) (DSC -ASTM D 3418-82) 


-30.7 


-30.8 


M n 




81,000 


62,000 


Mw 




467,000 


212,000 


M 2 




2,688,000 


1,038,000 


Mw/M n - 




5.8 


3.4 


M z /M w 




5.7 


4.9 


^osm 




90,000 


67,000 



^ comparative 



40 



45 



50 



55 
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TABLE 4 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



EXAMPLE 



vi rilization rni^.rp mmposition 



Polymer (g) 

Luperco< R > 101 XL (phr) 
Drimix< R > TAIC (phr) 
ZnO (phr) 

Carbon black MT (phr) 



Vulc anizatio n mixture characteristics 



♦Mooney viscosity MLO+IO') 121°C (ASTM D1646) 



*ODR 177°C arc 3, 12' (ASTM D2084-81) 
ML (pounds* inch) 
MH (pounds -inch) 
t S 2 (sec) 
t s5 o (sec) 
t' 9 o (sec) 

V max (pounds • foot • inch/sec) 



Properties after. ™.rin a in press at 170°C for 10 min 



'MECHANICAL PROPERTIES (ASTM D412-83) 



Modulus at 100% (MPa) 
Stress at break (MPa) 
Elongation at break (%) 
Hardness Shore A (points) 



Pm pprtiPs after pnct-mring in oven at 2Q0°C for 3Q 



mm 



'MECHANICAL PROPERTIES (ASTM D412-83) 



Modulus at 100% (MPa) 
Stress at break (MPa) 
Elongation at break (%) 
Hardness Shore A (points) 



'COMPRESSION SET at 200°C for 70 hours (ASTM 
D395 Method B) 



O-ring 214 (%) 



100 
3 
4 
5 
30 



100 
3 
4 
5 

30 



43 



21 



14 

133 
48 
75 

105 

2.63 



4 
127 
51 
81 
105 
3.19 



5.1 I 4.4 

16.5 16.8 

199 224 

69 I 69 



5.1 
18.3 
210 
69 



4.7 
17.8 
225 
69 



24 



28 



O comparative 
EXAMPLE 5 

,n a 5 1 auoclave equipped wrth a stirrer worfcng at 630 rpm, were charged, after evacuation, 3.5 1 of demoralized 
water a* 3 S ^ microemu.sion previously obtained by m,x,ng. 



7.8 ml of an acid -terminated perfluoropolyoxyalkylene of formula: 

CF 3 0(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF 2 COOH 
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wherein n/m = 10, having average amolecular weight of 600; 

- 7.8 ml of a 30% by volume NH 4 OH aqueous solution; 
1 5.6 ml of demineralized water; 

- 5.5 ml of Galden( R) D02 of formula: 

5 

CF 3 0(CF 2 .CF(CF 3 )0) n (CF 2 0) m CF3 

wherein n/m = 20, having average molecular weight of 450. 

10 The autoclave was then brought to 80°C and kept at such temperature for the whole duration of the reaction. The 
following monomer mixture was then fed: 



15 


vinylidene fluoride (VDF) 


27% by moles 


perfluoropropene (HFP) 


57% by moles 




tetrafluoroethylene (TFE) 


16% by moles 



20 so as to bring the pressure to 25 bar. 

In the autoclave were then introduced: 

- ammonium persulphate (APS) as initiator, in the form of an aqueous solution having concentration of 1 g/l; the addi- 
tion was carried out in a single portion of 140 ml; 

25 - 1 ,4-diiodoperf luorobutane (C 4 F 8 l2) as chain transfer agent, in the form of a solution obtained dissolving 4.4 ml of 
the iodinated product in 50 ml of the same Galden (R > D02 used for the microemulsion; the addition was carried out 
in a single portion. when the polymerization start was detected; 

- the bis-olefin of formula CH 2 =CH-(CF 2 ) 6 -CH=CH 2 , in the form of a solution obtained dissolving 3.7 ml in 46.3 ml of 
the same Galden( R ) D02 described above; the addition was carried out in 20 portions, each of 2.5 ml, beginning 

30 from the polymerization start and every 5% increase in the monomer conversion. 

The pressure of 25 bar was kept constant for the whole duration of the polymerization by feeding a mixture consist- 
ing of: 



VDF 


50% by moles 


HFP 


26% by moles 


TFE 


24% by moles 



After 1 30 minutes of reaction, the autoclave was cooled, the latex discharged and the polymer coagulated, washed 
and dried. 1550 g of product were so obtained, which was characterized as reported in Table 5. 
45 The polymer was then vulcanized by means of peroxides: the vulcanization mixture composition and the character- 
istics of the cured product are reported in Table 6. 

EXAMPLE 6 (comparative) 

so Following the same procedure as described in Example 5, a polymer of the same type, but devoid of the bis-olefin 
and using an amount of iodinated chain transfer agent of 2.6 ml, was prepared. The characteristics of the product as 
such and of that vulcanized by means of peroxides are reported in Tables 5 and 6 respectively. 



55 
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TABLE 5 



EXAMPLE 


5 


6^ 


Polymer composition (%mole) 






VDF 




52.2 


53.1 


HFP 




23.6 


23.2 


TFE 




24.2 


23.7 


bis-olefin 




0.093 


-- 


Iodine 


(%by wt.) 


0.32 


0.18 




(per chain) 


2.64 


1.1 


Mooney viscosity (ASTM D1646) 






ML(1+10') 121°C 




54 


51 


ML(1+4*) 100°C 




99 


89 


T g onset (°C) (DSC -ASTM D 3418-82) 


-12.0 


-13.2 


M n 




81,000 


69,000 


M w 




315,000 


163,000 


M 2 




958,000 


333,000 


M w /M n ' 




3.9 


2.3 


M z /M w 




3.0 


2.0 


M osm 




105,000 


78,000 



O comparative 
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TABLE 6 





EXAMPLE 


5 




5 


Vulcanisation mixture composition 








Polymer (g) 


100 


100 




Luperco (R) 101 XL(phr) 


3 


3 




Drimix( R ) TAIC (phr) 


4 


4 


10 


ZnO (phr) 


5 


5 




Carbon black MT (phr) 


30 


30 




Vulcanization mixture characteristics 






15 


*Mooney viscosity ML(1+10') 121°C (ASTM D1646) 


41 


48 




*ODR 177°C arc 3, 12' (ASTM D2084-81) 








ML (pounds • inch) 


14 


15 




MH (pounds • inch) 


141 


120 


20 


t s2 (sec) 


40 


75 




t s so (sec) 


61 


105 




1 90 (sec) 


90 


160 


25 


V max (pounds • foot • inch/sec) 


2.7 


2.2 




Properties after curing in press at 1 70°C for 1 0 min 
















'MECHANICAL PROPERTIES (ASTM D412-83) 








Modulus at 100% (MPa) 


7.5 


5.6 


30 


Stress at break (M Pa) 


21.4 


19.2 




Elongation at break (%) 


250 


260 




Hardness Shore A (points) 


78 


76 


35 


Properties after post-curing in oven at 200°C for 30 






min 








*MECHANICAL PROPERTIES (ASTM D412-83) 








Modulus at 100% (MPa) 


8.5 


6.2 


40 


Stress at break (MPa) 


23.7 


21.6 




Elongation at break (%) 


260 


251 




Hardness Shore A (points) 


79 


76 


45 


'COMPRESSION SET at 200°C for 70 hours (ASTM 
D395 Method B) 








0-ring214(%) 


23 


30 



& comparative 



EXAMPLE 7 

In a 5 1 autoclave, equipped with a stirrer working at 630 rpm, were charged, after evacuation, 4.0 1 of demineralized 
water and 410.1 ml of a perfluoropolyoxyalkylene microemulsion previously obtained by mixing: 

8.9 ml of an acid-terminated perfluoropolyoxyalkylene of formula: 

CF 3 0(CF2-CF(CF3)0) n (CF20) m CF 2 COOH 
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10 



wherein n/m = 10, having average molecular weight of 600; 

- 8.9 ml of a 30% by volume NH 4 OH aqueous solution; 

- 17.8 ml of demoralized water; 

- 5.5 ml of Galden< R > D02 of formula: 

CF 3 0(CF 2 -CF(CF3)0) n (CF 2 0) m CF3 

wherein n/m = 20, having average molecular weight of 450. 

*h h, rt nnh* to 85°C and kept at such temperature for the whole duration of the reaction. The 
The autoclave was then brought to 85 o ana Kepi di K 

following monomer mixture was then fed: 



15 



vinylidene fluoride (VDF) 
perfluoropropene (HFP) 



53.5% by moles 
46.5% by moles 



so as to bring the pressure to 22 bar. 
In the autoclave were then introduced: 

increase in the monomer conversion; dissolving 66 ml thereof in 1000 ml of water; 

LTpSSLfcn mt and W K to^ * «- 

ing of: j 



20 



25 



35 



VDF 


78.5% by moles 


HFP 


21.5% 



40 



45 



• * «f , a *rtinn the autoclave was cooled, the latex discharged and the polymer coagulated, washed 

cured product are reported in Table 8. 
EXAMPLE 8 (comparative) 

tively. 



50 



55 
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TABLE 7 



EXAMPLE 


7 


8^ 


Polymer composition (%mole) 






VDF 


78.7 


78.2 


HFP 


21.3 


21.8 


Hicnlof try 


0 14 




Mrnnou x/ic/vicitv f A£TM D1fi4fi^ 
iviuuiicy viov^uoiij i ivi \j i 






IVI L\ 1 + 1 U ) 1 1 1 w 




CO 

oo 


IVI 1 1 t J 1 \J\J w 


111 


95 


Intrinsic viscosity fr] (at 30°C in MEK) 


104 


90 


T g onset (°C) (DSC - ASTM D 3418-82) 


-24.8 


-26.2 


M n 


58,000 


70,000. 


M w 


311,000 


292,000 


M z 


826,000 


792,000 


Mw^n 


5.3 


4.2 


M z /M w 


2.6 


2.7 



W comparative 
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10 



15 



Polymer (g) 
j M1 (phr) 

M2 (phr) 
I MgO (phr) 

Ca(OH) 2 (phr) 

Carbon black M T (phr) 

^^rnrnr^ ^ (relating to carbon black, MgO, Ca(OH) 2 ) 
~" ~ \/. .ionization miYtiirPch^cterjstics 



25 



30 



35 



100 


100 


4 


4 


1.5 


1.5 


3 


3 j 


6 


6 


30 


30 


2' 43" 


4' 49" 



ML (pounds • inch) 
j MH (pounds -inch) 
I t s2 (sec) 
| t s50 (sec) 
I t'go (sec) 

j v max (pounds •foot • inch/sec) _ _ 

p^ rtjp* after grim y in press at 1 70°C fe>r 1Q mip 
"^MECHANICAL PROPERTIES (ASTM D412-83)_ 
Modulus at 100% (MPa) 
Stress at break (MPa) 
Elongation at break (%) 
Hardness Shore A (points) 



40 



45 



50 



55 



17 



17 



| Modulus at 100% (MPa) 
Stress at break (MPa) 
Elongation at break (%) 

Hardness Shore A (points) ^ 

"'COMPRESSION SE T at 200»C for 70 hours (ASTM P395 Method B) 

| Q-ring 214(%)" 

H comparative 
EXAMPLE 9 

. , ^u™ ran mm were charged, after evacuation, 3.5 1 of demoralized 
. 7.8 ml of an acid-terminated perfluoropolyoxyalkylene of formula: 
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CF 3 O(CF2-CF(CF3}O) n (CF 2 0) m CF 2 CO0H 

wherein n/m = 10, having average molecular weight of 600; 
7.8 ml of a 30% by volume aqueous NH 4 OH solution; 
5 - 1 5.6 ml of demineralized water; 
- 4.8 ml of Galden< R > D02 of formula: 

CF 3 0(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF3 

w wherein n/m = 20, having average molecular weight of 450. 

The autoclave was then brought to 80°C and kept at such temperature for the whole duration of the reaction. The 
following monomer mixture was then fed: 

15 



vinylidene fluoride (VDF) 


30.0% 


by 


moles 


hexafluoropropene (HFP) 


54.0% 


by 


moles 


tetraf luoroethylene (TFE) 


16.0% 


by 


moles 



so as to bring the pressure to 21 bar. 
In the autoclave were then introduced: 

25 - 1 40 ml of an ammonium persulphate (APS) aqueous solution having a 1 .0 g/l concentration, as initiator; 

- 1,6-diiodoperfluorohexane (C 6 F 12 I 2 ) as chain transfer agent, in the form of solution obtained dissolving 5.5 ml of 
the iodinated product in 14.5 ml of the same Galden< R > D02 used for the microemulsion; 
the bis-olef in of formula CH 2 =CH-(CF 2 ) 8 -CH=:CH 2 , in the form of solution obtained dissolving 2.5 ml in 47.5 ml of 
the same Galden( R ) D02 described above; the addition was carried out in 20 portions, each of 2.5 ml, beginning 

30 from the polymerization start and every 5% increase in the monomer, conversion. 

The 21 bar pressure was kept constant for the whole duration of the polymerization by feeding a mixture consisting 

of: 

55 



VDF 


50% by moles 


HFP 


26% by moles 


TFE 


24% by moles 



After 164 minutes of reaction, the autoclave was cooled, the latex discharged and the polymer coagulated, washed 
and dried. 1522 g of product were so obtained, which was characterized as reported in Table 9. 
45 The polymer was then peroxide cured: the vulcanization mixture composition and the characteristics of the cured 
product are reported in Table 10. 

EXAMPLE 10 

so In a 5 1 autoclave, equipped with a stirrer working at 630 rpm, were charged, after evacuation, 3.5 1 of demineralized 
water and 36.0 ml of the perf luoropolyoxyalkylene microemulsion of Example 9. 

The autoclave was then brought to 80°C and kept at such temperature for the whole duration of the reaction. The 
following monomer mixture was then fed: 

55 
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vinylidene fluoride (VDF) 
hexafluoropropene (HFP) 
tetraf luoroethylene (TFE) 



30.0% by moles 
54.0% by moles 
16.0% by moles 



10 



15 



20 



so as to bring the pressure to 21 bar. 
In the autoclave were then introduced: 

- the bis-olef in of formula: 

CH ! .CH-0H 2 OCH ! .CF ! (HCF 2 0F 2 OWOF ! O) n -CF 2 CH^CH ! «.0H 2 

monomer conversion. 



25 



30 



VDF 


50% by moles 


HFP 


26% by moles 


TFE 


24% by moles 



product are reported in Table 10. 

TABLE 9 



40 


EXAMPLE 


9 


10 




Polymer composition (%mole) 






45 


VDF 
HFP 
TFE 

bis-olef in 


53.6 
22.4 
24.0 
0.05 


54.1 
21.0 
24.9 
0.07 


50 


Iodine 


(%by wt.) 
(per chain) 


0.38 
2.39 


0.38 
2.45 




Mooney viscosity (ASTM D1646) 








ML(1+1O0 121°C 




18 


22 
51 




ML(1+4') 100°C 




43 


55 


Intrinsic viscosity fo] (at 30°C in MEK) 


41.8 


45.3 




" T a onset fC) (DSC -ASTM D 3418-8*; 


-12.5 


-13.6 
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TABLE 10 





EXAMPLE 


9 


10 


5 


Vulcanisation mixture composition 








Polymer (g) 


100 


100 




Luperco( R h01 XL (phr) 


3 


3 




Drimix( R ) TAIC (phr) i 


4 


4 


10 


ZnO (phr) 


5 


5 




Carbon black MT (phr) 


30 


30 




Vulcanization mixture characteristics 






15 


*Mooney viscosity ML(1+1C) 121°C (ASTM D1646) 


26 


23 




*ODR 177°C arc 3, 12' (ASTM D2084-81) 








ML (pounds • inch) 


6 


5 




MH (pounds -inch) 


137 


131 


20 


t S 2 (sec) 


57 


60 




tsso (sec) 


90 


93 




t'go (sec) 


120 


120 


25 


v max (pounds • foot • inch/sec) 


3.13 


2.98 




Properties after curina in Dress at 1 70°C for 10 min 
















'MECHANICAL PROPERTIES (ASTM D412-83) 








Modulus at 100% (MPa) 


4.3 


4.2 


30 


Stress at break (MPa) 


16.8 


16.3 




Elongation at break (%) 


244 


243 




Shore Hardness A (points) 


69 


70 


35 


Properties after post-curina in oven at 230°C for 24 






hours 








♦MECHANICAL PROPERTIES (ASTM D412-83) 








Modulus at 100% (MPa) 


6.1 


6.2 


40 


Stress at break (MPa) 


20.5 


20.9 




Elongation at break (%) 


244 


232 




Hardness Shore A (points) 


72 


74 


45 


'COMPRESSION SET at 200°C for 70 hours (ASTM 
D395 Method B) 








0-ring214 (%) 


28 


34 



50 

Claims 

1 . Vulcanized articles obtainable by peroxide and/or ionic vulcanization of a vulcanizable f luoroelastomer containing 
iodine and/or bromine atoms in the chain and/or in the terminal positions to the macromolecules and comprising 
55 between 0.01 and 1 .0 moles of monomeric units derived from a bis-olefin per 100 moles of other base monomeric 
units, said monomeric units derived from a bis-olefin having the formula: 
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(I) 

R 3 R « 



RiRjC = C - Z - C = CR 5 R, 



Wher6in: w nr r calkylgtoupsiZisaCrCisalkylene 

, 5 fluorinated. 

20 . ( Q) p -CF 2 0-(CF 2 CF 2 0)JCF 2 0) n -CF 2 -(Q) p - 

35 Sins C 2 -C 8 ; ft?p2£«** Cr*. one or m0re ^ 9r0UPS ' 

fluoro-oxyalkylvinylelhers CF2=CF0X. wherem a 

non fluorinated olefins (01) C 2 -C 8 - 

0-30%, HFP and/or PAVE 18-27%. TFE 10-30%. 

• .4r,,rt„rAisbasedontetrafluoroetnylene(TFE) 

iodine atoms- non fluorinated olefins (01) C 2 -C 8 . 

- , (1<llW- . 1BWrt ««»— «-«"•-* 



55 
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